SUMMARY A systematic morphological investigation of human palmaris longus tendons by polarisation microscopy and low angle x-ray diffraction is reported. It is shown that contrary to some previously reported observations, and in common with other tension bearing soft collagenous tissues, the fibres in this tendon are crimped. A new method of preparation of the tissue enabling one to see directly the crimped organisation in scanning electron microscopy was used to reinforce the findings by other methods.
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Tendons and ligaments consist largely of collagen fibres organised in an essentially parallel array along the long axis of the tendon. These fibres, however, show undulations along their length which have periodicities of l1u-lu 0.tm depending on the type of tissues and species. According to the earlier writers' 2 the undulations in the tendons and other tissues were thouLght to be due to helical twisting of the constituent fibres.
Later morphological investigations3 have, however, established that the undulations in the fibres of a large number of tissues in different species (including humans) are not helical in nature but represent features called crimps, which are zigzag ribbon-like waveforms with crimp-like apices (Fig. 1) . The crimps are shown to be of considerable importance in determining the mechanical properties of tendons, especially the nonlinear portion of the stress-strain curve. [6] [7] [8] The evidence for the essential features of the crimped waveform, namely, (1) crimped apices, (2) nonhelical and planar nature, is considerable. In polarisation microscopy (PM) crimps are visualised as periodic light and dark bands (Fig. 2) Fig. 2a shows a band pattern for an angle of rotation = 00 (so designated when the fibre axis coincides with the polarisation axis of one of the polarising filters). Fig. 2b shows the band pattern when the specimen is rotated to 110. In the first case the dark bands are narrow, in the second they have reached their broadest and are equivalent in width to the light bands.
The changes of the band patterns on rotation of the specimen around its own axis were also identical to those described in the crimped fibres of RTT. On the basis of the above evidence alone it could be concluded that fibres of (Fig. 3a) . The interference contrast image of the same specimen (Fig. 4a) (Fig. 3b) . The interference contrast image (Fig. 4b) confirms that the fibres are no longer wavy.
The disappearance of the band pattern (and the waviness- Fig. 4b Fig. 6 shows a tendon section which is slightly more affected by the acid action. This clearly reveals intertwining of the individual subfibres, but the intertwining is at a much lower scale than the more prominent half wave periodicity-25 ,um, which corresponds to the periodicity of the banding pattern seen on PM.
The effects of preparative procedures in removing the outer layers for the revelation of the crimp-wave forms in SEM on the actual crimp parameters (0, 1) have been quantified for RTT using measurements of 0 and 1 on PM by Nicholls et al. 16 The changes are less marked in the case of human palmaris tendon (Table  1 ). The crimp parameters indeed change on dehydration by alcohol by 10%, but the shape of the waveform itself does not change very much. Furthermore, there are no detectable differences between the crimp parameters of the tendons that have merely been dehydrated and those that have had prior processing in acetic acid.
The artefacts of hyaluronidase treatment on the fibres of human palmaris longus tendon do not appear to have been elucidated systematically by Evans and Barbanel"2 during the course of their investigation. intersects Evald's sphere slightly differently for each diffractor)-see Fig. 8b . This offset in the 'centres' of reflections manifests itself in relative radial shift in reflection, thus giving rise to multiplicity along the average meridional directions for 2 crimp arms (these radial shifts are even more predominantly evident in Fig. 7b ). If on top of this the fibrils in each crimp arm or successive parallel crimp arm (i.e., 1 and 3) are not absolutely aligned, then in the pattern in position p = 0°the radial shifts will be superimposed with slight azimuthal shifts. The net result of these effects is a complex pattern recorded in Fig. 7b .
In spite of the above complexities low-angle diffraction patterns form strong evidence that the crimped waviness in human palmaris tendon is also planar as it is in RTT.
The weight of the evidence derived from each and every technique utilised suggests that crimping with its planar waveform also exists in human palmaris tendon. No evidence whatsoever has been found in this investigation to indicate the presence of helically twisted fibres. We must therefore conclude that human palmaris tendon is not an exception to the empirical rule previously enunciated, namely: collagenous tissues which bear tension in vivo exhibit crimping.
longus tendon. 
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